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The entanglement dynamics in a bipartite system consisting of a qubit and a harmonic os-
cillator interacting only through their coupling with the same bath is studied. The considered
model assumes that the qubit is coupled to the bath via the Jaynes-Cummings interaction,
whilst the position of the oscillator is coupled to the position of the bath via a dipole in-
teraction. We give a microscopic derivation of the Gorini-Kossakowski-Sudarshan-Lindblad
equation for the considered model. Based on the Kossakowski Matrix, we show that non-
classical correlations including entanglement can be generated by the considered dynamics.
We then analytically identify specific initial states for which entanglement is generated. This
result is also supported by our numerical simulations.
I. INTRODUCTION
The interactions with the environment are the fundamental source of noise in quantum systems
that can thwart attempts to exploit intrinsic quantum properties-entanglement and coherence-for
quantum computing and communication and hence the study of open quantum systems [1–4] is an
active area of research. But in some scenarios [5–12], the environment can mediate entanglement
generation. Previously investigated examples of such scenarios include two qubits interacting with a
Lorentz-broadened cavity mode at zero temperature [5], two qubits interacting with infinitely many
degrees of freedom of common heat bath in thermal equilibrium [6], and two charge qubits strongly
coupled to common boson bath [7]. In [5], both the Born and Rotating Wave Approximations are
avoided. In [7], Markovian approximations for coupling to electronic reservoirs and non-Markovian
approximations for strong coupling with boson bath is used. In [8, 9], the entanglement dynamics
of two-qubit system interacting with a squeezed thermal bath via dissipative interaction and non-
ar
X
iv
:2
00
2.
04
17
3v
1 
 [q
ua
nt-
ph
]  
11
 Fe
b 2
02
0
2demolition interaction is studied, respectively. In [10], the evolution of entanglement between two
resonant oscillators is characterized and the phases of sudden death and revival of entanglement
are identified. In [11], a dissipative scheme, which is independent of initial states, is proposed
to generate maximal entanglement between two atoms trapped in an optical cavity. In [12], an
analytical expression of logarithmic negativity is derived for a system of a qubit dispersively coupled
to a dissipative oscillator.
The coupling between a two-level system and a harmonic oscillator has been shown to give rise
to many interesting effects in ion trap [13–16] and Cavity Quantum Electrodynamics experiments
[17, 18]. The two-level system can be used to generate and probe non-classical states of the
oscillator. Reciprocally, the oscillator has been used as a “catalyst” to produce entanglement
between multiple qubits. Generating entanglement between qubits without any direct interaction
can have applications in Quantum Cryptography [19].
In this paper we focus on a bipartite system consisting of a two level system (qubit) and a
harmonic oscillator interacting with the same bath of harmonic oscillators. The qubit is interacting
with the bath via Jaynes-Cummings interaction type, whereas the position of the oscillator is
coupled to the position of the bath via dipole interaction. The schematic diagram for the considered
model is shown in Figure 1. A microscopic derivation is given for the master equation describing
the open dynamics of the system considered in this model, which turns out to be in the form
of the Gorini-Kossakowski-Sudarshan-Lindblad (GKSL) equation [20, 21]. We follow [22–24] to
show that this bath mediated interaction can lead to the generation of non-classical correlations
including entanglement. We then find out the class of initial states which get entangled due to
this bath mediated interaction. The dependence of entanglement generation on temperature of the
bath in this scenario is shown. The entanglement measure, Negativity [26, 27] is used to study the
entanglement dynamics of our system with respect to the relative coupling strength of qubit-bath
coupling and oscillator-bath coupling. Weaker forms of quantum correlations are also studied using
mutual information and quantum discord.
The outline of the paper is as follows. In Sect. 2 we express the Hamiltonian of the system
of qubit and the harmonic oscillator and its interaction Hamiltonian. We then derive the master
equation for the system. In Sect. 3 we discuss the possibility of generation of quantum correlations
in the system and we find out the classes of initial which lead to entanglement. In Sect. 4 we study
the dynamics of entanglement, mutual information and discord. We conclude in Sect. 5.
3II. MICROSCOPIC DERIVATION OF THE MASTER EQUATION
We work in units of ~ and kB set to 1. The total Hamiltonian HT for the composite system is,
HT = HS +HB +HI , (1)
where HS , HB and HI are the Hamiltonian for the system, bath and interaction respectively. The
system under consideration is a qubit and the harmonic oscillator interacting resonantly with the
bath. The system Hamiltonian is therefore a sum of HQ and HHO, that of the qubit and the
harmonic oscillator, respectively.
HS = HQ +HHO. (2)
Introducing ladder operators a and a† for the oscillator and excluding the zero-point energy, HS
can be written as
HS =
Ω
2
σz + Ωa
†a. (3)
The bath is modeled as a collection of independent harmonic oscillators and the Hamiltonian is
HB =
∑
k
ωkb
†
kbk, (4)
where b†k and bk are the bosonic creation and annihilation operators obeying the standard com-
mutation relation [bk, b
†
k′ ] = δk,k′ . The interaction between the system and the bath is assumed as
follows. The qubit interacts with the bath via a Jaynes-Cummings interaction type, which indicates
a radiative damping by its interaction with the many modes of the bath of harmonic oscillators.
Also, the position of the oscillator is coupled to the position of the bath via dipole interaction. After
the rotating-wave approximations are introduced, the total interaction Hamiltonian is expressed
as
HI =
∑
k
g1(σ+bk + σ−b
†
k) + g2(a
†bk + ab
†
k), (5)
where σ+(−) is the qubit raising (lowering) operator. g1 and g2 are the coupling constants corre-
sponding to qubit-bath coupling and oscillator-bath coupling respectively. The interaction Hamil-
tonian in the interaction picture, H˜I is obtained as
H˜I =
∑
k
g1(σ+e
ıΩtbke
−ıωkt + σ−e−ıΩtb
†
ke
ıωkt)
+g2(a
†eıΩtbke−ıωkt + ae−ıΩtb
†
ke
ıωkt). (6)
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FIG. 1. (Color online) The schematic diagram of the considered model. The system consists of a two level
system (qubit) and a harmonic oscillator, both of which interact with a bath of harmonic oscillators.
Introducing the operators
S1 = σ+e
ıΩt, B1 =
∑
k
g1bke
−ıωkt,
S2 = σ−e−ıΩt, B2 =
∑
k
g1b
†
ke
ıωkt,
S3 = a
†eıΩt, B3 =
∑
k
g2bke
−ıωkt,
S4 = ae
−ıΩt, B4 =
∑
k
g2b
†
ke
ıωkt.
(7)
The interaction Halmiltonian H˜I can be written as
H˜I =
4∑
i=1
SiBi, (8)
where S and B refer to operators pertaining to the space of operators on the system and bath
respectively. Assuming weak coupling with the bath, we use the Born-Markov approximation to
obtain the master equation for the reduced density matrix of the system.
Defining the bath-correlation functions as Fij(t, s) = 〈Bi(t)Bj(s)〉 = TrB(Bi(t)Bj(s)ρB) and
assuming that the bath is in an equilibrium state so that Fij(t, s) = Fij(t− s) and using the form
5of Eq. (8), one obtains the master equation in the Schro¨dinger picture as follows.
∂ρS(t)
∂t
= −ı [HS , ρS(t)]−
4∑
i,j=1
∫ ∞
0
dτ
(
[Si, Sj(−τ)ρS(t)]Fij(τ)
+[ρS(t)Sj(−τ), Si]Fji(−τ)
)
. (9)
Let’s define ∫ ∞
0
dτeıΩτF12(τ) = Γ1 = γ1 + ıδ1, (10)∫ ∞
0
dτeıΩτF21(−τ) = Γ2 = γ2 + ıδ2. (11)
where {γ1, γ2, δ1, δ2} ∈ R. The real parts γ1 and γ2 are given by ζ exp(1/T )exp(1/T )−1 and ζ 1exp(1/T )−1
respectively, where ζ is the spontaneous emission constant and temperature of the bath T is given
in the units of Ω. Now one can see that∫ ∞
0
dτeıΩτF41(−τ) =
∫ ∞
0
dτeıΩτF23(−τ) = g2
g1
Γ2, (12)∫ ∞
0
dτeıΩτF14(τ) =
∫ ∞
0
dτeıΩτF32(τ) =
g2
g1
Γ1, (13)∫ ∞
0
dτeıΩτF34(τ) =
g22
g21
Γ1, (14)∫ ∞
0
dτeıΩτF43(−τ) = g
2
2
g21
Γ2. (15)
The remaining terms which are of the form TrB(bke
−ıΩktbke−ıΩksρB) or
TrB(b
†
ke
−ıΩktb†ke
−ıΩksρB) are equal to zero since we assumed the bath is in an equilibrium state.
After substituting Eq. (7) and Eq. (12-15) into Eq. (9) and neglecting the contributions from δ1
and δ2, one obtains the master equation,
∂
∂t
ρS(t) = −ı [Ω
2
σz, ρS(t)] + γ1
(
2σ−ρS(t)σ+ − {σ+σ−, ρS(t)}
)
+γ2
(
2σ+ρS(t)σ− − {σ−σ+, ρS(t)}
)
− ı [Ωa†a, ρS(t)]
+γ1η
2
(
2aρS(t)a
† − {a†a, ρS(t)}
)
+ γ2η
2
(
2a†ρS(t)a− {aa†, ρS(t)}
)
+γ1η
(
2σ−ρS(t)a† + 2aρS(t)σ+ − {σ+a, ρS(t)} − {a†σ−, ρS(t)}
)
+γ2η
(
2σ+ρS(t)a+ 2a
†ρS(t)σ− − {aσ+, ρS(t)} − {σ−a†, ρS(t)}
) (16)
where η = g2/g1 is the ratio of coupling strengths between qubit-bath coupling and oscillator-bath
coupling.
We consider the single excitation sector for the Harmonic Oscillator so as to make use of Positive
Partial Transpose criterion (P.P.T) [28, 29] in showing that the dynamics described by Eq. (16)
6is entangling. One could consider the second excitation sector of the oscillator which would map
the problem to the case of a qubit-qutrit interaction. However, we do not address it in the present
study. We denote the eigenstate of lowest energy level by |0〉HO and the eigenstate of highest
energy level by |1〉HO as shown in Figure 1. We replace a and a† with σHO− and σHO+ respectively as
they are acting on a qubit. For clarity, we replace σ+ and σ− with σQ+ and σ
Q
− respectively. One
then obtains the master equation (16),
∂
∂t
ρS(t) =− ı [Ω2 σz, ρS(t)] + LQ[ρ(t)]− ı [ΩσHO+ σHO− , ρS(t)] + LHO[ρ(t)]
+ LQHO[ρ(t)], (17)
where
LQ[ρ(t)] = γ1
(
2σQ−ρS(t)σ
Q
+ − {σQ+σQ−, ρS(t)}
)
+γ2
(
2σQ+ρS(t)σ
Q
− − {σQ−σQ+, ρS(t)}
)
, (18)
LHO[ρ(t)] = γ1η
2
(
2σHO− ρS(t)σ
HO
+ − {σHO+ σHO− , ρS(t)}
)
+γ2η
2
(
2σHO+ ρS(t)σ
HO
− − {σHO− σHO+ ρS(t)}
)
, (19)
and
LQHO[ρ(t)] = γ1η
(
2σQ−ρS(t)σHO+ − {σHO+ σQ−, ρS(t)}
)
+ γ1η
(
2σHO− ρS(t)σ
Q
+ − {σQ+σHO− , ρS(t)}
)
+ γ2η
(
2σQ+ρS(t)σ
HO− + 2σHO+ ρS(t)σ
Q
− − {σHO− σQ+, ρS(t)} − {σQ−σHO+ , ρS(t)}
)
.
(20)
The terms LQ[ρ(t)] and LHO[ρ(t)] of the master equation (17) describe the dissipation of the
qubits Q and HO respectively. The term LQHO[ρ(t)] includes the coupling between the qubits Q
and HO induced by the bath.
The master equation (17) can be decomposed into 16 differential equations, one for each entry
of the density matrix. Using this one can derive a dynamical equation of evolution for the density
matrix. We use this to look at the dynamics of quantum correlations in the system in Sect. 3 and
Sect. 4.
III. GENERATION OF QUANTUM CORRELATIONS
Bennati et al. [23, 24] give the conditions for a semigroup to entangling. We make use of the
result to show that the dynamics described by Eq. (17), which is stemming from a combination
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FIG. 2. (Color online) The set of all points (p, q), for which there exists at least one 3-tuple (α, β, ϑ) such
that the condition (28) is satisfied, are shown above.
of Jaynes-Cummings interaction and dipole interaction as described in Sect. 1, is entangling. We
further analytically find out the class of initial states of the system which lead to entanglement as
t→ 0+.
The master equation of the system, which is effectively a pair of two-level systems (Q and HO),
is in a GKSL [20] form:
∂tρ(t) = −ı[H, ρ(t)] + L[ρ(t)], (21)
where H, which is equal to HS in our case, is the effective system Hamiltonian, while
L[ρ(t)] =
∑
i,j
Kij
[
Giρ(t)G†j −
1
2
{G†jGi, ρ(t)}
]
, (22)
is the dissipative term and {Gi}{i=1...d2−1} can be any trace orthonormal basis. By comparing with
Eq. (17), one can see that
G1 = σQ+ ⊗ 1HO,
G2 = σQ− ⊗ 1HO,
G3 = 1Q ⊗ σHO− ,
G4 = 1Q ⊗ σHO+ . (23)
The co-efficients Kij form Kossakowski Matrix (K) [25]
K =

2γ2 0 0 2ηγ2
0 2γ1 2ηγ1 0
0 2ηγ1 2η
2γ1 0
2ηγ2 0 0 2η
2γ2
, (24)
8which is Hermitian i.e. K = K†.
The dissipative contribution of L[ρ(t)] is written as
L[ρ(t)] = LQ[ρ(t)] + LHO[ρ(t)] + LQHO[ρ(t)]. (25)
According [22], the dynamics generate non-classical correlations between the qubits Q and HO
since LQHO[ρ(t)] 6= 0. This is very intuitive because LQHO[ρ(t)] includes the induced coupling
between the qubits Q and HO.
Since non-classical correlations do not imply entanglement, we now specifically check if the
dynamics described by Eq. (17) is entangling. According to the Positive Partial Transpose criterion
[28, 29], the system ρ is separable if and only if ρTHO is positive semi definite, where ρTHO denotes
the partial transposition on ρ with respect to the subsystem HO. One can then define the following
quantity
Ξ(t) = 〈ψ| ρTHO(t) |ψ〉 , (26)
to look for negative eigenvalues in ρTHO(t). So Ξ(t) < 0 implies ρ(t) is entangled.
From [23, 24], we know that the evolution described by Eq. (17) generates entanglement if and
only if there exist a separable initial state ρ(0) and a vector |ψ〉 ∈ C4 such that the conditions
Ξ(0) = 0 (27)
∂tΞ(0) < 0 (28)
are satisfied. This also implies that the system starting in the separable state ρ(0) gets entangled
as t → 0+ because the condition ∂tΞ(0) < 0 along with Ξ(0) = 0 implies that lim
t→0+
Ξ(t) < 0.
We consider the case where the system starts in |0〉Q |1〉HO to show that the conditions (27) and
(28) can be satisfied. We choose |ψ〉 = κ1 |0〉Q |0〉HO + κ2 |1〉Q |0〉HO + κ3 |1〉Q |1〉HO according to
condition Eq. (27). For this |ψ〉,
∂tΞ(0) = 2γ1κ
2
1η
2 − 2(γ1 + γ2)κ1κ3η + 2γ2κ23. (29)
The above equation, which is quadratic in κ1(or κ3) has two roots unless γ1 = γ2. Since one can find
κ1 and κ3 for a given γ1, γ2 and η such that condition (28) is satisfied, the system gets entangled
and the considered dynamics in Eq. (17) are entangling. For example, when γ1 = 1.01, γ2 = 0.01
and Ω = 0.001, one can see that κ1 = 1 and κ3 = −1/2 satisfy condition (28).
We consider the following general form for the initial pure and separable state of the system
|φ〉 = (p |0〉+
√
1− p2 |1〉)Q ⊗ (q |0〉+
√
1− q2 |1〉)HO, (30)
9where p, q ∈ [−1, 1], to find the subset of states which generate entanglement as t → 0+ when
evolved according to Eq. (16). We first choose a general |ψ〉 which satisfies condition (27)
|ψ〉 = α
(
(
√
1− p2 |0〉 − p |1〉)⊗ (q |0〉+
√
1− q2 |1〉)
)
+β
(
(p |0〉+
√
1− p2 |1〉)⊗ (
√
1− q2 |0〉 − q |1〉)
)
+ϑ
(
(
√
1− p2 |0〉 − p |1〉)⊗ (
√
1− q2 |0〉 − q |1〉)
)
. (31)
For this |ψ〉 and ρ(0) = |φ〉〈φ|, we find
∂tΞ(0) = 2
(
γ2p
4 +
(
p2 − 1)2 γ1)α2 + 2β2η2 (γ2q4 + (q2 − 1)2 γ1)
−2 ((p2 (2q2 − 1)− q2)βη (γ1 + γ2)α) . (32)
For the initial settings γ1 = 1.01, γ2 = 0.01 and Ω = 0.001, the Eq. (32) is reduced to
∂tΞ(0) =
1
50
(
α2
(
102p4 − 202p2 + 101)+ 102αβη (p2 (1− 2q2)+ q2))
+ 150
(
β2η2
(
102q4 − 202q2 + 101)) . (33)
One can find the set of all (p, q), where p, q ∈ [−1, 1], for which there exists at least one 3-tuple
(α, β, ϑ) such that the condition (28) is satisfied. These set of points (p, q) are plotted in Figure 2.
Note that even if one includes the contributions of δ1 and δ2, which are the bath-induced Lamb
shifts, the above result is not affected due the fact that the quantity ∂tΞ(0) (Eq. (32)) remains the
same.
IV. DYNAMICS OF THE CORRELATIONS
In this section, the dynamics of quantum correlations in the two effective qubit system inter-
acting with the bath are studied with respect to ζt which we denote by t for brevity.
A. Entanglement
For a state ρ, which has two subsystems A and B, Negativity [26, 27] is defined as
N (ρ) :=
∥∥ρTA∥∥
1
− 1
2
, (34)
where ρTA is the partial transpose of ρ with respect to the subsystem A and ‖X‖1 is the trace norm
or sum of the singular values of any arbitrary operator X. Alternatively, Negativity is defined as
sum of negative eigenvalues of ρTA
N (ρ) =
∑
i
|λi| − λi
2
, (35)
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FIG. 3. (Color online) Negativity N (ρ) of the system, consisting of two qubits (Q and HO), as a function
of time t and ratio of coupling strengths between qubit-bath coupling and oscillator-bath coupling η with
parameters Ω = 0.001, γ1 = 1.01 and γ2 = 0.01. (a) refers to the system starting in |0〉Q |1〉HO. (b) refers
to the system starting in |1〉Q |0〉HO.
FIG. 4. (Color online) Negativity N (ρ) of the sys-
tem as a function of time t and temperature of the
bath T . The system is starting in |0〉Q |1〉HO state
and the parameters Ω = 0.001. We assume η = 1
for simplicity.
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FIG. 5. (Color online) Negativity N (ρ) of the sys-
tem, starting in |0〉Q |1〉HO state with parameters
Ω = 0.001, γ1 = 1.01 and γ2 = 0.01, over a large
period of time t. We assume η = 1 for simplicity.
where λi are the eigenvalues. Note that the above definition is equivalent to the first definition
Eq. (34).
In Figure 3, we plot the Negativity of the system, starting in an initial state |0〉Q |1〉HO in
Figure 3(a) and |1〉Q |0〉HO in Figure 3(b), with respect to time and relative coupling strengths
of qubit-bath coupling and oscillator bath coupling (η) for parameters Ω = 0.001, γ1 = 1.01 and
γ2 = 0.01. We see that for η > 0 the entanglement of the system builds up with time as a result of
the coupling mediated by the bath which is in complete agreement with our result in Sect. 3 since
the states |0〉Q |1〉HO and |1〉Q |0〉HO are present in the region showed in Figure 2.
11
FIG. 6. (Color online) Negativity N (ρ) of the system at t = 0.0001 starting in the initial state of the form
(30) with parameters Ω = 0.001, γ1 = 1.01 and γ2 = 0.01. We assume η = 1 for simplicity.
In Figure 6, we plot the Negativity N (ρ) of the system at time t = 0.0001, for all possible initial
states of the form Eq. (30). We see that projection of Negativity N (ρ) on to pq plane is exactly
same as Figure 2.
In Figure 4, we show how the entanglement between the two qubits varies with the temperature
of the bath T . We see that entanglement generation decreases as the temperature of the bath
increases. Hence the initial choice of bath’s temperature is crucial for entanglement generation.
One can see that the entanglement persists for a long time t and goes to zero (Figure 5) as the
master equation (16) has a unique steady state ρSS ,
ρSS =
1
(1 + γ1γ2 )
2

(γ1γ2 )
2 0 0 0
0 γ1γ2 0 0
0 0 γ1γ2 0
0 0 0 1
, (36)
which is clearly separable.
B. Mutual Information
Mutual Information I(A : B) quantifies the total correlations between the two subsystems of a
bipartite system [30]. It is defined as
I(A : B) = S(ρA) + S(ρB)− S(ρAB), (37)
where S(ρ) = −Tr(ρ log(ρ)) is the Von-Neumann entropy. In Figure 7, we look at the dynamics
of Mutual Information I(Q : HO) of system, with respect to time and ratio of coupling strengths
12
FIG. 7. (Color online) Mutual Information I(Q : HO) of the system, consisting of two qubits (Q and HO),
as a function of time t and ratio of coupling strengths between qubit-bath coupling and oscillator-bath
coupling η with parameters Ω = 0.001, γ1 = 1.01 and γ2 = 0.01. (a) refers to the system starting in
|0〉Q |1〉HO. (b) refers to the system starting in |1〉Q |0〉HO.
between qubit-bath coupling and oscillator-bath coupling η, when it is starting in |0〉Q |1〉HO and
|1〉Q |0〉HO. By comparing Figure 7 to Figure 3, one can see that Mutual Information attains higher
values at almost every instant of time compared to Negativity as it quantifies both quantum and
classical correlations.
C. Quantum Discord
One can also look at the dynamics of correlations which are weaker than entanglement like
quantum discord. Quantum Discord δ(AB : B) [30, 31] quantifies the difference between total
correlations (I(A : B)) and classical correlations (maxΠBi
J(ρAB){ΠBi }) in the system. The quantity
J(ρAB){ΠBi } is defined as
J(ρAB){ΠBi } = S(ρA)− S(ρA|{Π
B
i }), (38)
where S(ρA|{ΠBi }) is the conditional entropy of A, with respect to the on-Neumann measurements
{ΠBi } on ρB. Quantum Discord δ(AB : B) is then defined as follows,
δ(AB : B) = min
ΠBi
[
[I(A : B)− J(ρAB){ΠBi }
]
, (39)
where ρAB is the density matrix of composite system AB. In Figure 8, we look at dynamics of
discord of the system, with respect to second subsystem HO, when it is starting in |0〉Q |1〉HO and
|1〉Q |0〉HO. For simplicity, we assume that the coupling constants are equal i.e. g1 = g2. One can
see that discord δ(S : HO) increases with time as a result of quantum correlations being induced
13
FIG. 8. (Color online) Quantum Discord δ(S : HO) of the system, consisting of two qubits (Q and HO), as
a function of time t and ratio of coupling strengths between qubit-bath coupling and oscillator-bath coupling
η with parameters Ω = 0.001, γ1 = 1.01 and γ2 = 0.01. (a) refers to the system starting in |0〉Q |1〉HO. (b)
refers to the system starting in |1〉Q |0〉HO.
by the common bath between the subsystems. The set of initial states which generate quantum
discord as t → 0+ when evolved according to Eq. (17) include the set of states in Figure (2) and
more. This is because of the fact that non-zero entanglement implies non-zero quantum discord
but not the vice versa. One can see from Figure 3, Figure 7 and Figure 8 that they only differ in
the scale. Mutual Information attains the highest values among the three at almost every instant
of time as it quantifies both classical and quantum correlations. It is followed by quantum discord
which quantifies only quantum correlations. It is further followed by Negativity as it quantifies
only stronger quantum correlations named entanglement.
V. CONCLUSION
We study the quantum correlations between a qubit and a harmonic oscillator, not interacting
directly, but coupled to a common bath. To this end, we first obtain the microscopic derivation of
the master equation for the open dynamics of the system, modelled as a qubit and a harmonic os-
cillator, with a single excitation sector, interacting with the bath via Jaynes-Cummings interaction
type. We make use of the necessary and sufficient conditions given in [22–24] to show these dynam-
ics generate non-classical correlations including entanglement. We further analytically find out the
class of initial states which generate entanglement. One can do a similar study by considering the
second excitation sector for the harmonic oscillator which effectively makes the system a composi-
tion of a qubit and qutrit. Entanglement is quantified using negativity [26, 27] and its dependence
on the temperature of the bath is shown. Other measures of quantum correlations studied include
14
mutual information and quantum discord. We note that the entanglement generated persists for
long time, making the system potentially useful for practical applications.
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